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I. INTRODUCTION 


Structural Analysis of the flap, aileron, wing fan closure doors, 
wing trailing edge, and wing fittings for the U.S. Army XV-5A 
lift fan research aircraft are presented in this report. 


For each component, & summary type analysis is presented primarily 
with the intent of giving structural configuration, final critical 
loading, and assumptions made. Structural proof tests were con- 
ducted satisfactorily on the basic wing, the fan doors, fan fittings, 
flap and aileron. | 


Structural analysis of the wing basic components, which inélude the 
apars, leading edge, and primary ribs, may be found in Report No. 134. 
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Il, FLAP 


SUMMARY 


The flap is a conventional single spar, two cell structure supported by 
two hinges. Bencing is reacted by the channel section spar plus a slug 
and effective skin. Shear and torque are reacted by the two cells formed 
by the skins and spar web, except in the central region where the nose 
cell is cut to provide clearance for the fan louver actuator. Stiffening 
ribs are located approximately 8 inches apart, and heavier end ribs dis- 
tribute hinge loads and the actuator load into the box structure. The 

flap pivots about a hinge line located below the lower surface and forward 
of the spar. The flaps are actuated by individual screw jacks located 
just inboard of the fuselage side skins. The jack is attached to the flap 
by a fitting which extends inrough a slot in the fuselage side skin. Power 
from a single electrical motor is transmitted tc the screw jacks by flex- 
ible shafting. 


Originally the flap was constructed from aluminum alloy components. 
Subsequent test data showed that the inboard portion of the flap is sub- 
jected to higher temperatures than those originally anticipated. There- 
fore, the inboard portion was redesigned using components made from 
titanium alloys. 


Critical flap loads occur during conventional flight at 180 knots with 
flaps and ailerons fully deflected. The high temperatures applied to 

the inboard portion occur during fan operation in hovering and transition. 
However, it is conservatively assumed for analysis that the maximum 
temperatures exist during the critical load condition. 


The flap is analyzed as a simply supported beam with the airload uniform- 
ly distributed along the span. The torque is reacted at the inboard end 

by the actuator load. Ordinary engineering theory is used for the shear 
and bending analyses. 


The flap was satisfactorily tested to limit load which simulated the 
critical loading condition. The structure was at room temperature 
during this test. 
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II. AILERON AND SUPPORTS 


SUMMARY 


The aileron is a conventional type control surface structure supported 

by three hinges. The typical section is a two cell box with a single spar, 
except at the center hinge wherc the nose cell is cut. Concentrated loads 
at the hinge fittings are distributed to the box structure by ribs. Stiff- 
ening ribs are spaced between the hinge ribs at approximately 6.5 inches. 
The aileron is controlled by a combined tab and boost servo actuator 
system. Pilot input at the stick causes tab deflection through mechanical 


linkage and movement of the servo valve which controls the boost actuator. 


Maximum aileron chordwise pressure distribution is based on a condition 
producing a dynamic pressure of 850 psf and maximum aileron deflection 
(- 19°, trailing edge up and +15 , trailing edge down). The loads 
shown in the following analysis are those for -19° aileron deflection. 
Loads for +15° deflection are 75% of the values shown, The spanwise 
distribution is assumed to be proportional to the aileron chord. The 
total hinge moment resulting from the airload used in the analysis is 
greater than the maximum input hinge moment based on actuator capacity 
(4500 #ult) because the reduction in torque due to the tab airload has 
been conservatively neglected. 


The aileron is analyzed as a continuous beam on three supports. Hinge 
loads normal to the aileron resulting from wing deflection are calculated 
and superimposed on the airload reactions when critical. A link is in- 
corporated in the inboard hinge fitting to provide freedom of motion in 
the chordwise direction. Therefore, aileron chordwise hinge loads in- 
duced by wing deflection are eliminated. Ordinary engineering theory 

is used for the shear and bending analyses. 
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IV. WING FAN DOORS 


SUMMARY 


The wing fan closure doors consist of two pairs of semi-circular 
honeycomb-fiberglas panels, each hinged to a chordwise wing fan strut 
at B. L. +61. In the closed position these doors are latched to a span- 
wise wing fan strut and act as a part of the upper surface of the wing in 
sustaining aerodynamic pressure. There are two hydraulic actuators 
per door (eight per A/C), which open and close the doors for ‘transition 
flight. These actuators operate under two separate hydraulic systems; 
One powering the inboard forward and outboard aft actuators while the 
other; the inboard aft and outboard forward actuators. 


The analysis which follows is primarily a summary of the final critical | 
flight loads on the doors, with calculated distributions and reaction values. 
In the design phase,the doors were analyzed for preliminary (actually 
higher) loads, and a series of structural development tests were con- 
ducted with these values to prove the concept and sizes. The door and 
hinge fittings sustained these loads; however for the condition simulating 
4g door-closed flight,the deflection at the leading edge was considered 
excessive and the door was subsequently structurally stiffened to provide 
the required stiffness, The production design has a stiffness equal to or 
greater than that of the development door. 


The primary problem that remained was the distribution of door loads 
(reactions) to the G.E. "Record Player" (Dwg. 4012001-2) and the dis- 
tribution to the fore-and-aft outrigger locations on the fan strut, since 
the record player was limited by G. E. to small normal loads and the 
fan strut to small side load. 


Both door-open and door-closed structural proof tests were conducted on 
the production doors for the critical conditions shown, which involved the 
three possibilities of hydraulic power in function. The pressure distri- 
butions are shown in Report Number 126, Structural Proof Test Program. 
In addition to the tests called for in the report, one other was conducted 

to simulate door-open fan mode flight with maximum twist moments on 


the doors, producing maximum outrigger lateral reactions. Pressure 
distributions for this condition are sho n on pages 70-74. 


No permanent set or objectionable deformation was encountered in the 
proof tests. Reactions normal to the "Record Player" and lateral reao- 
tions at the outrigger locations were also found to be within the limits 
specified by General Electric. 
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V. TRAILING EDGE 


SUMMARY 


The trailing edge section aft of the rear spar was considered non- 
structural insofar as primary aerodynamic and inertia loads were con- 
cerned. Inboard of B.L. 61, however, the trailing edge structure was 
considered a torque box resisting the eccentric vertical load on the aft 
wing fan fitting. Shear from this closed cell is transferred to fuselage 
structure at B.L. 24. 


Originally the aft skin was 2024-T4 clad aluminum chem-milled to a 
thickness of .025, but the gage was increased to .040 to provide greater 
shear stability and to preclude permanent buckles. No buckles were 
observed during structural proof test of the wing fan fittings. In the 
analysis,a temperature of 300° F was assumed, and an insulating blanket 
was added to insure that the structural temperature does not substantially 
exceed this value in fan mode flight. 
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VI. SPAR- FUSELAGE JOINTS 


SUMMARY 


Each of the spars is connected to fusclage carry-through structure by 

two pre-loaded tension bolts in the upper cap and a shear bolt in the 

lower cap. Both front and rear joints were analyzed for the same critical 
condition, which was also simulated satisfactorily in the structural proof 
test. Since this loading occurs in conventional flight, the material was 
considered to be at room temperature. Insulation on the lower wing was 
provided in order to keep spars and joints at or below 250° F during fan- 
powered flight. After 10 hours exposure at this temperature, full prop- 
erties in the 7079 forged spars are obtainable upon return to room 
temperature. 
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VII, HOIST FITTING 


SUMMARY 


Provisions for hoisting the airplane incorporate two wing fittings, 
at F.S. 226.5 & B.L. +100.75, and the fuselage jack fitting at F.S. 
384,21. A sling is also used on the forward fuselage for added safety. 


Ultimate loads for the wing and fuselage hoist points were deter- 
mined for 9200 pound gross weight; an ultimate normal load factor of 
3.0, and two extreme cg positions. Since the wing hoist fitting and 
attachment is over-strength, a minimum of analysis is included here. 
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VOI. WING FAN MOUNTS 


SUMMARY 


Each wing fan is mounted at 3 points: at an inboard point to the fuselage 
and at forward and aft points to the wing spars, at B.L. 461. The front 
wing spar fitting furnishes vertical, side, and fore and aft reaction; the 
rear spar fitting furnishes vertical and side reaction; and the fuselage 
point furnishes reactions 'F" and 'G" (See pages 97,98), which result 
from two links of known direction. Intrcduced also at this point is the 
force ''H", which is applied by link '58-R" connecting wing fan scroll to 
the crossover duct. See pages 97, 98 for fan mount geometry. 


The fan mount design reactions were determined from G. E. unit informa- 
tion on pages 100, 101. The summed effects of full power SLS Day 
thrust and piston forces together with that resulting from 130 K cross 
flow were conservatively added to effects due to limiting values of linear 
load factors and roll and pitch rates, which are the specified limits for 
hovering and transition flight as given in the structural design criteria, 
Report. Nuxt+r i122. Although these criteria values are actually rela- 
tive to the aircraft og , they were considered existing at the fan cg 
for simplicity, (earlier investigations having shown that the axis transfer 
has no large significance and is not merited where the conservative 
assumption is made that the most extreme value of every pertinent 
parameter occurs at the same instant). 


During the design phase,the fan mount fittings and attachments were 
analyzed for preliminary sets of load, assuming a temperature of 400 - 
450° F, and using a fitting factor of 1.15. The mounts were also satis- 
factorily proof tested to the critical preliminary loads, which are only 
slightly lower than the final ones presented here. 
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Reactions are positive (+) in the directions indicated and are reactions acting on the fan. 


MY 


Thrust (4 = 0°) 
Thrust (P = 4o*) 
Scroll Piston Forces 
left Engine Only 
Right Engine Only 
Fan Torque 
Left Engine Only 
Right Engine Only 
1 g vertical 
l g side 
1 g axial 
Cross Plow (130 x) 
1 rad/sec. pitch 
1 rad/sec. roll 
Inlet Closure 
Open 
Open (Yaw) 
Closed 


- 3670 


ares) 


C@O—=B 


-2815 
-1318 


485 


RIGHT HAND 


-2815 
“2322 


~-h85 


PAR 


o3 @ 
- 340 


~155 
#2879 


q4 


J. D. Corbett, Jr./ht 


November 19, 1962 
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q5 
v A SUMMARY OF LAPT 
WING FAN Reactions A “> 
4 mf heb 


Liat REACTIONS 


1177 | 1390 - 3430 
1835 |-2F¥0| o 
1292) 747 |-2473 & | Bol |~ 3043] 1Y8o |- /#501-3 430 
Y962) 883 |- 7761-1967 |- 2550] 14 76 |-I4S0\- 3430 
5385 |-\B7o |-57955] 38B2 |-1WS50!—-3930 
4619 + /870|- 5/87 | $068 [1950-3430 
3888  2036|-5%K2] 3972 |-1459 |- 3430 | 
952 F3!2tp20gep 1676) Yos8h 145 0}-3430 


eer V4 YX 


NoTh : REACTIONS FoR ALL CONDITIONS IN CLYDE SFFECT OF CROSS 
Flow (130 Rk). 


— } ow =. 
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FRoNtT SPAR WING FAN MA CINTA, 


Cee. Owe, I\4OWok % 
2 Fizsnt SPAR WEED 


1434Wors oe: 


144wo45 & 036 Aas. 


\ 


14awesh BALL FTG. 


Wi TL 2ZO410 BoLts 


x 
Room mee .TENS,= 5820 


¢ 
Tempe. bivow. Sine Sgwit 4650 
(?éR Sect) 


‘ 
ey Tons, 4QS¢ 


¢ 
A.Lew., Siné. SHR. 3720 
(Pen Sor) r 


Fax 4oo FF 
( &o 9, ) 


Cond, F PRoDe (as —~G MARMXIMYUM RESULTANT LoAD 


* & _. @ 
an Wwe Apr Sis m= 5196 es S404 , dt 1530 (ur mir) ’ 


46 


Saute om — st \' & | 
RESyetanT LoktDS = ( $798° + Shale + '530 )" = Bo Lin IZ 1M Ue. 


TAG FATT ARG AMY) BASiC wa NGs STRICTURE WERE 


SATISEACTORILY PROOF TETE!) To  ~ WC COLL ewinG PRELIMINARY 
LOADS 4 ( Rik, StRyct, PReeG TEE VPReG, REPT, &5BO4 Q, j 
* 0 
6952 Fund, Z1LO0 = 60F WO, m 
5. & __" ete 
$581 Ur BoSS  RCgue TANT 14 «(Ve 6205 Reset, 
Ze Suts'D. 29041 7 Ovrtesd, 
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104 


REAR SPAR WING 


FAR MOUNTING 


Ref. Owe, s45woiy 2 


Br. &\ 
ISBWO 40 FTG. \4py 934 gue 
wk isk 1 
\45wWoxR PIN 


& (we? — \4BwWiod1 FTG. 
we, “WT Zod 2-12 BOs 


7 TT, Vheacts 


Convo. § 1% Cyt Cae 


Be 456 * c= ode9*, 
TRNSION 


im BoTTonN COLTS ey 


* 
Resatant © GY8S Lime = 9728" ur, 


47 


inns /2.% 9726/2. = Boxo OV axe UT. 


SUGAR PaeR Bowr a 28/4 = 24342 & , MUN. ° 
Rr = r04e/huse= 65 «Ry 2 2492 /31t0 = 65 (FoR 400 °F) 
USING THE INTERACTION &6. Rs” + Re =I ; U = -65/.15 = -87 
(Ror WL Had EK. SF ‘ ' 
ULT. AS, = 1947) ™__. NS 

TAS Eres YG Ans Dasa WANG Strid Uervide WE Wd SAMSE ACTORICY 
PReo XECTSD at KR PRELIMANARY UY LHe AD oO 5420 i . 
Ref. Srwrvocr. RAsov 


TR VroG, REPT, 646043 


